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[57] 



ABSTRACT 



An apparatus reads data signals recorded on an optical 
disc on which a gathering track including n recording 
tracks and a guard track neighboring to the gathering 
track are spirally formed. The apparatus includes: light 
beam irradiating unit for irradiating (n+ 1) light beams 
onto boundaries of the n recording tracks and the 
guard track, photodetecting unit for receiving (n+ 1) 
light beams reflected by the surface of the optical disc 
and producing (n+ 1) track boundary data signals, and 
computing unit for calculating the (n+ 1) track bounda- 
ry data signals to produce n read-out data signal corre- 
sponding to the data signals recorded on the n 
recording tracks. 

7 Qaims, 6 Drawing Sheets 
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^ ^ . ^ . 8«ard track, receiving (n+ 1) light beams re- 

APPARATUS FOR AND METHOD OF HEADING fleeted by the surface of the optical disc and producing 

DATAS RECORDED ON AN OPHCAL DISC („+ 1) track boundary data signals, and calculating the 

BACKGROUNDOF^EINVENTION 3 t^ZTZX^^n^^l^ ^.'^1^^^^- 

}. Field of the Invention corded on the n recording tracks. 

This invention relates to an apparatus and a method According to the present invention, the boundaries of 

for reading data signals from an optical disc, and more the recording tracks are traced by the light beams, and 

particularly to an apparatus and a method of readmg the recorded data signals are obtained by calculating the 

data signals from a high-density optical disc and cancel- read-out data signals of the boundary of the tracks, 

ling crosstalk. Therefore, the recorded data signals can be accurately 

2. Description of the Prior Art read out without providing complicated computing 

There is known a problem called "crosstalk" which circuits, 
occurs when data signals recorded on an optical disc is 

to be read out. Crosstalk is a phenomenon that a read- ^5 BRIEF DESCRIPTION OF THE DRAWINGS 

out data signal of adjacent tracks are mixed into a read- FIG.l is a diagram showing a construction of a data 

out data signal of a target track to be read-out because signal reading apparatus according to an embodiment of 

a diameter of readmg hght beam spot is larger than a the present invention- 

widtii of each tracks. In order to cancel the crosstalk, it FIG. 2 is a diagr^ showing a positional relation 

IS conventionally known a method of irradiating the 20 between tracks ofln optical disc L spots Tf bgh" 

hght beam on o die target track and the tracks adjacent beams when four Hght beams are used- 

tiiereto, calculatmg the crosstalk component from the run .u^ .a T. '\ ^ ^ ^ 

.•<>or4-^i.f « J- 4. • . 3 IS a diagram showmg a detailed construction 

read-out data signak according to vanous computing of a recorded date signal readhig apparatus- 

algonthms, and subtractmg it from the read-out data jiin a ^* i^u^ij *pparaui&, 

signal of tiie target track, 25 , .1^ ^ ^'""^ showmg a relation between a 

However, in order to increase an accuracy of cross- ^rack width ^^^^ 

talk cancellation by tiie conventional metiiod. calcula- . I V f ^^owmg a positional relation 

tion circuits must be designed more complicated and ^^^ween tracks of an optical disc and spots of light 

hence an operation time of calculating an crosstalk ^^^^.^^S^* beams are used; and 

cancelling coefficient becomes longer. Further, re- 30 , ^ ^ diagram showmg a positional relation 

centiy, minimization of tirack width has been examined ^^^^een tracks of an optical disc and spots of light 

so as to further increase recording density of an optical ^^^^ ''^ht beams are used, 

disc. However, if tiie track width is reduced without DESCRIPTION OF THE PREFERRED 

minmiizmg the spot diameter of light beam, crosstalk EMBODIMENT 
component will be increased, and therefore it becomes 35 

difficult to sufficientiy cancel the crosstalk component ^ preferred embodiment of the present invention will 

and accurately obtain the recorded data signal. ^ described below with reference to the accompanying 

SUMMARY OF TWP iMVPNTrir^ivT drawings. FIG, 1 shows a constiiiction of a data signal 

SUMMARY OF THE INVENTION reading apparatiis according to the present invention. It 

It is an object of the present invention to provide an 40 noted that FIG. 1 shows a construction used for 

apparatus for and a method of reading data signals re- reproduction of an optical disc on which a guard track 

corded on an optical disc capable of cancelling crosstalk formed every three recording tracks, 

by relatively simple computation and accurately pro- As shown in FIG. 1, the data signal reading apparatus 

ducing the recorded data signal, by irradiating the hght according to the present invention roughly mcludes light 

beam onto boundaries of recording tracks. 45 ^ detecting unit 10, a signal processbg unit 20, a delay 

According to one aspect of the present invention, 30 and a computing unit 40. To the light detecting 

there is provided an apparatus for reading data signals iinit 10, four light beams emitted from pickups PU^— 

recorded on an optical disc on which a gathering track P^rf and reflected by the surface of the optical disc are 

including n recording tracks and a guard track neigh- suppHcd. 

boring to the gathering track arc spirally formed, 50 FIG. 2 shows a relation between the tracks formed on 
wherein the n is an integer and is equal or greater than the optical disc and light spots of the light beams. In 
3. The ^paratus includes: light beam irradiating unit FIG. 2, neighboring three recording tracks T1-T3 con- 
fer UTadiatmg(n-hl) light beams onto boundaries of the stitutes one broad track (hereinafter referred to as 
n recording tracks and the guard track, photodetecting "gathering track"), and a guard track is formed every 
unit for receiving (n-t-1) light beams reflected by the 55 Gatiiering tracks so as to partition tiicm. No data pits 
surface of the optical disc and producing (n4- 1) track are formed on the guard track, and the surface of the 
boundary data signals, and computing unit for calculat- guard ti-ack is finished to be the same reflective condi- 
ing the (n-h 1) track boundary data signals to produce n tion as the recordmg tracks without data pits (i.e., no 
read-out data signals corresponding to the data signals data portion). Respective light beams A-D are emitted 
recorded on the n recording tracks, 60 so as to trace boundaries of the recording tracks Ti-T% 
According to anotiier aspect of the present invention, and guard tracks L and R. More specifically, the light 
there is provided a method of reading data signals re- beam A tiraces tiie boundary of the guard track L and 
corded on an optical disc on which a gathering track the recording tirack Ti, the light beam B tiraces the 
mciuding n recording ti^ks and a guard ti-ack neigh- boundary of tiie recording ti^ck Ti and T2. tiie light 
bonng to tiie gatiiering ti-ack arc spirally formed, 65 beam C traces tiie boundary of tiie recording track T2 
wherem tiie n is an mteger and is equal or greater tiian and T3, and tiie Ught beam D tiaces tiie boundary of tfie 
3. The metiiod mcludes tiie steps of: irradiating (n-hl) recording track T3 and tiie guard track R. Generally, 
hghtbeams onto boundaries of tiie n recording tiracks light beam is controlled so tiiat tiie Ught spot tiiereof 
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traces center of recording track (on a central line of the tracks are formed every three recording tracks. How- 
recording track), and this condition is Generally called ever, the present invention is applicable to an optical 
as "on-track condition". In contrast to this, in the pres- disc on which the guard tracks are formed every more 
ent invention, the Ught beams is controUed so that the number of recording tracks. For example, five light 
light spot thereof traces the boundary of the recording 5 beams should be irradiated onto the optical disc on 
tracks (center of the central lines of two neighbonng which guard tracks are formed every four recording 
recording tracks) This condition will be hereinafter tracks, as shown in FIG. 4. In this case, assuming that 
referred to as off-track condition". In this manner a recorded data signals of the recording tracks are ti-t4 
hght beam traces two recording tracks half and half, read-out data signals of the light spots are So-S^^ 

^1 ^f'^^X'^^'^^'f' *f light beam lo the data signals ti-t4 are obtained by LfL wing ^ua^^ 

mcludes the halves of recorded data signals of the two iuc luuuwmg cqua 

recording tracks. 

The light detecting unit 10 converts the light beams 

A-D reflected by the optical disc into electrical signals fi = 2 . 5^ (3) 

to produce read-out data signals (track boundary data is f. " 5 ^1 sa*^! 5 5 ^1 5 ^' 

signals) So^S^. Now assuming that the recorded data 14 = 2%, * 

signals of the recording tracks T1-T3 are represented by 

ti-t3. and that read-out data signal of the guard track is Further, in another feature, six light beams should be 

zero, the track boundary data signals Si-Srf are repre- irradiated onto the optical disc on which guard tracks 

sented by the followmg equations. 20 are formed every five recording tracks, as shown in 

FIG. 5. In this case, assuramg that recorded data signals 

5fl = 0 + /|/2 (I) of the recording tracks are ti-ts and the read-out data 

st = (tl t %n si^azh of the light spots are Sa-S/, the signals ti-ts are 

- ,y2 + 0 obtained by the following equations. 

25 

The signal processing unit 20 conducts appropriate /i - 2 - 5o <3) 

processing including amplification onto these track ^ = + Si, + Se - Sj+ Se- S/ 

boundary data signals. The delay unit delays each of the ^ Z f %~ 

data signals output from the signal processing unit 20 by {5 1 i s/ + + 
appropriate delay times, respectively, so as to adjust the 

time correspondence of the data signals, and then the this manner, when a gathering track includes n 

data signals are supplied to the computing unit 40 The recording tracks, (n + 1) track boundary data signals are 

computmg umt 40 calculates die recorded data signals obtained by means of reading the boundari^ of the 

S L^Hw'^ol ^r^^ 35 recordingtracksusing(n+l)lightbeams.Therecorded 

S^S^accordmg to the followmg equaUons. 35 ^.^^ ^ recording tracks are calculated 

from the (n + I) track boundary data signals by the 

^' - L ^ <r «! appropriate computations. 

0 = 2 . 5/ + - •5'' . Next, the relation between the track width and the 

^ size of the light spot will be described with reference to 
In this manner, recording data ti-ts of the recording ^ ^" invention, one light spot must cover two 

tracks T1-T3 are obtained. recording tracks but must not cover more than two 

FIG. 3 shows the construction of the data signal recording tracks. Now, it is assumed that the track 

reading apparatus shown in FIG. 1 in more detail. T^^^^ ^ ^' P*^ ^^^^ ^» diameter of the light spot 

In FIG. 3, light beams A-D reflected by the optical 45 ^ ^' " ^S^^ beams are constantly in tiie off-track 

disc are fed to the light detectors 11-14, respectively, condition (tracing the boundaries of the tracks). In this 
and converted into electrical signals. Then, the light ^ recording tracks, the spot 

detectors calculate the track boundary data signals diameter S should satisfy the relation of: 
So-Srf accordmg to the above-described equations (1). 

The data signals S^-Sj are amplified to be predeter- 50 S>T~P (3). 

mined magnitude levels and fed to the delay unit 30. „ . ^ ^ . ^ . 

The delay unit includes delay circuits 31, 32 and 33. The However, m order to obtam sufficient power of read- 
delay time of the respective delay circuits are decided in sigasls, it is preferable to decide diameter S to 

accordance with the positions of tiie light beams A-D in ^^^^ relation of: 
a direction in which the light beams advance. More 55 «ar 

specifically, the delay time of the delay circuit 31 corre- ~ ^ 

sponds to a time lag from the time when the light beam o« • * j * * i- i_ 

A passes tiie readkg point PI (see. FIG. 2) ^til tiie 2° ^^"^ ""^"^ ^"^^ *° prevent tiic hght beam 

time when the light b^am D pies tiie poSt Pr ^! ^^"^ TI^S^ ^^re titan two recorxhng tracks, the 

cordingly. tiie d^y unit 30 produces tiie tr^ck boimd- 60 "^'^^'"^ ^ ^'^^^ 

ary data signals of the every recording tracks at posi- 5<3r-/> rn 

tions aligned in the radial direction of the disc, and 

supplies tiiein to the computing unit 40. Tlie computing However, in consideration of tiie deviation of tiie track- 

!? Tl . ^ ^5 ^ subtracter to calculate tiie ing control or unevenness of tiie pitches of tiie data pits, 

recorded data t,-t3 accordmg to tiie equaUons (2), and 65 it is preferable to decide diameter S to satisfy tiie rela- 
outputs the calculated data signals ti-tj. ^f. 

The above description is directed to an appUcation of 
the present invention to an optical disc on which guard s^lT (8). 
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include said data signals recorded on the recording 

As a result of the above analysis, it is preferable to tracks and the guard track; and 

decide the diameter S to satisfy the relation of: computing means for calculating the (n+1) track , 

boundary data signals to produce n read-out data 

2ra5sr (9). 5 signals corresponding to the data signals recorded 

on the n recording tracks. 

In addition, with respect to the width of the guard 2. An apparatus according to claim 1, further com- 

track, it is necessary that a light spot tracing most outer prising delay means for delaying each of the track 

recording track of the gathering track does not cover ^^ndary data signals to produce track boundary data 

the recording track in the neighboring gathering track. ^^.^^ ^® position with respect to the radial 

Therefore, the width ofthe guard track should be larger direcUon of the disc. ^. ^ , . ^ ^ . 

than a width CD of one recording track, yLt^ apparatus accordmg to clami 1 wherem said 

T« 4%, * - *i • X , ^Sht beam irradiating means produces hght spots on the 

In the present invention, it is necessary to control the optical disc so that L hght ^otcovers the Iwo neigh- 

respective hght beams constantiy and correctly trace 15 boring tracks half and half. 

the boundary of the tracks, i.e., to be in the off-track 4. An apparatus accordmg to claim 1, wherein the 

condition. This tracking control can be performed, for surface of the guard track is finished to be the same 

example, by subtractmg the read-out data ofthe record- reflective condition as the surface of the recordmg 

ing tracks positioned on most outer sides of the gather- tracks without data pits. 

ing track. 20 5. A method of readmg data signals recorded on an 

As described above, accordmg to the present invcn- optical disc on which a gathering uack including n 

tion, the boundaries of the recorxling tracks are traced recording tracks and a guard track neighboring to the 

by the Ught beams, and the recorded data are obtained Sathering track are spirally formed, wherein the n is an 

by calculating the read-out data of the boundary of the "^^^^'^ ^ greater than 3. as said method 

tracks. Therefore, the recorded data signals can be ac- " """^Sl^nf n r k . k ^ • . . 

/*iir«.f«U7 «>4*i,^»4 v * J UTadiatmg (n+ 1) hght beams onto boundaries ofthe 

curately read out without providing complicated com- „ recording tracks and the guard track- 

putmg circuits In view of this, this mvcndon is very receiving (n-f 1) Ught beams reflected by the surface 

effective to a high-density optical discs which have of the optical disc and producing (n+1) track 

recordmg tracks of narrow width. 30 boundary data signals, wherein said (n+ 1) track 

What is claimed is; boundary data signals include the data signals rc- 

1. An apparatus for reading data signals recorded on corded on the recording tracks and the guard 

an optical disc on which a gathering track including n track; and 

recording tracks and a guard track neighboring to the calculating the (n+l) track boundary data signals to 

gathering track are spirally formed, wherein the n is an 35 produce n read-out data signals corresponding to 

integer and is equal to or greater than 3, said apparatus the data signals recorded on the n recording tracks, 

comprising: 6. A method according to claim 5. further comprising 

hght beam irradiating means for irradiating (n-hl) '!^P dc]zymg each of the track boundary data 

light beams onto boundaries of the n i«:o«iing ^ to produce track boundary data signals of the 

t^ks and the guard track; P^'''^^^ ^^P^* ^^^^"^ ^^^^ 

photodetecting nieans for receivmg (n+l) light ^ A method according to claim 5, wherein each of 

beams reflected by the surface of the optical disc said track boundary data signals comprises the recorded 

and producmg (n + 1) track boundary data signals, data of the two neighboring tracks half and half. 

wherein said (n+1) track boundary data signals 45 ***** 
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